Nine strains representing a single anamorphic novel yeast species in dispersed tropical and subtropical habitats were isolated from sugarcane leaf tissue (DMKU-SE24, DMKU-SE45
In 1990, Oberwinkler proposed the genus Occultifur to accommodate Occultifur internus, which is a mycoparasite of dacrymycetaceous hosts and assigned this species as the type species. Later, Roberts [1] described O. corticiorum, a parasite of Hyphoderma praetermissum, as a member of the genus Occultifur. Another species, Occultifur externus, was proposed based on a single strain isolated from plant litter [2] . Although these three species share several features, O. corticiorum has distinctive features from the other two species, namely the absence of clamp connections and production of conidia from swollen conidiogenous cells formed terminally in the mycelium, whereas O. internus and O. externus have clamp connections and conidia are from swollen conidiogenous cells produced both terminally and laterally in the mycelium. Distinguishing features of O. externus are the development of a sexual cycle in culture and its apparent saprobe nature. In contrast, O. internus and O. corticiorum are considered to be mycoparasites [2] . Since living cultures, and physiological and molecular sequence data of O. internus and O. corticiorum are unavailable, sequence analysis could be conducted only for O. externus. The genus Occultifur is assigned to the order Cystobasidiales in the class Cystobasidiomycetes, but well separated as a single clade from the genus Cystobasidium [2, 3] . Three additional species in the genus Occultifur have been recently proposed based on strains in an anamorphic state, namely O. brasiliensis [4] and O. tropicalis [5] , and strains with a teleomorphic state that is not fully resolved, namely O. kilbournensis [6] .
During investigations of yeasts in the tissue of sugarcane and corn leaves in Thailand, we found five strains probably representing a novel Occultifur species. A BLASTN search using as query the D1/D2 region of the sugarcane and corn isolates from Thailand revealed four closely related sequences, two from strains associated with sugarcane phylloplane and rhizoplane in Brazil, one strain associated with bromeliad leaf tissue from Brazil and another strain from an unidentified plant leaf in Japan. Occultifur plantarum f.a., sp. nov. is proposed to accommodate these nine strains. Five yeast strains (DMKU-SE24, DMKU-SE45, DMKU-SE129, DMKU-SE134 and DMKU-CE36) were isolated from five samples of surface-sterilized leaves by the method described previously [7] . In brief, cut leaves were surfacesterilized in 70 % ethanol for 3 min and 5 % sodium hypochlorite for 3 min and then rinsed five times with sterile deionized water. The effectiveness of the surface sterilization procedure was verified by spreading 0.2 ml of the final rinse water onto yeast extract-malt extract (YM) agar (0.3 % yeast extract, 0.3 % malt extract, 0.5 % peptone, 1.0 % dextrose and 2.0 % agar) in Petri dishes, and observing that there was no microbial growth after inoculation. The sterilized leaves were cut into smaller fragments, slightly ground in a sterile mortar and then placed onto YM agar supplemented with 200 mg chloramphenicol l
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. The dishes were incubated at 25 C for 7 days. Four strains were obtained from different sugarcane (Saccharum officinarum L.) leaf samples and one strain from a corn (Zea mays L.) leaf sample ( [8] . Strain IMUFRJ 51954 was isolated from leaves of shaded Neoregelia cruenta collected in October 2006 from a coastal dune habitat. The 10 g of 1 cm square leaf fragments was surface sterilized in a blender jar by washing in 50 ml 75 % ethanol for 1 min, 50 ml NaHOCl 2.5 % for 3 min and 50 ml 75 % ethanol for 30 s, followed by two washes with 50 ml sterile 0.9 % NaCl. This was washed with enrichment medium (BIL; 0.5 % glucose, 0.5 % yeast extract, 0.2 % NaH 2 PO 4 , 0.1 % (NH 4 ) 2 SO 4 , 0.01 % MgSO 4 , 0.04 % KCl, 0.04 % chloramphenicol and 0.05 % amoxicillin), which was placed in a sterile 500 ml flask and incubated at 25 C on a shaker for 4 days to test for surface sterility. Then, 10 g of surface-sterilized leaf tissue was blended in 100 ml of BIL medium, and 1 ml containing 0.1 g of leaf tissue was incubated in 10 ml BIL for 4 weeks in 16 mm tubes at 25 C, followed by streaking on BIL agar supplemented with 0.04 % eosin and 0.0065 % methylene blue. Strain IPM31-24 was isolated from plant leaf collected at Iriomote Island, Okinawa, Japan, by the method described by Takashima et al. [9] . The purified yeast strains were suspended in YM broth supplemented with 10 % (v/v) glycerol and maintained at À80 C.
DNA SEQUENCING AND PHYLOGENETIC ANALYSIS
The sequences of the gene encoding the D1/D2 region of the LSU rRNA and the internal transcribed spacer (ITS; ITS1-5.8S-ITS2) region of five strains (DMKU-SE24, DMKU-SE45, DMKU-SE129, DMKU-SE134 and DMKU-CE36) from leaf tissue were determined from genomic DNA, using primers NL1 and NL4 [10] and primers ITS1 and ITS4 [11] , respectively. The methods for DNA extraction and amplification of the D1/D2 region of the LSU rRNA gene and the ITS region were as described by Limtong et al. [12] . For strains IMUFRJ 52018, IMUFRJ 52019 and IMUFRJ 51954, DNA was extracted and amplified as described by Ribeiro et al. [8] . DNA from strain IPM31-24 was amplified using primers ITS1f [13] and NL4 [14] for the ITS region and the D1/D2 region of the LSU rRNA gene. DNA extraction, amplification and determination of the sequences of the D1/D2 region of the LSU rRNA gene of strain IMP31-24 were as described by Takashima et al. [9] .
The sequences were compared by the BLASTN search program [15] , assembled and aligned with the program MEGA version 7 [16] . Phylogenetic trees were reconstructed from the program provided within the MEGA7 software package. Phylogenetic placement of the novel species was based on the general time reversible (GTR), maximum-likelihood method and used the combined ITS and D1/D2 sequences. Confidence levels of the clades were estimated from bootstrap analysis (1000 replicates) [17] . Hasegawazyma lactosa CBS 5826 T (AF444540/AF189936) was used as the outgroup in this analysis.
PHENOTYPIC CHARACTERIZATION
Morphological, biochemical and physiological characterizations were done using standard methods described by Kurtzman et al. [18] . Formation of pseudohyphae and true hyphae was investigated by cultivation on potato dextrose agar (PDA; 20 % potato infusion, 2 % glucose and C for up to 4 weeks. Sexual processes were investigated for individual strains and strain pairs on PDA, cornmeal agar, 5 % malt extract agar (5 % malt extract and 1.5 % agar), yeast extract-peptone glucose (YPD) agar (1 % yeast extract, 2 % peptone, 2 % glucose and 1.5 % agar), yeast carbon base agar supplemented with 0.01 % yeast extract (YCBY) and YM agar at 15 and 25 C for up to 3 months. Strain IMUFRJ 51954 was not included in the mating tests. Carbon source and nitrogen source assimilation tests were conducted in liquid medium and starved inocula were used in nitrogen assimilation tests [18] . Growth at various temperatures was determined by cultivation in YM broth. Ubiquinone was extracted from cells cultivated in 500 ml Erlenmeyer flasks containing 250 ml of YPD broth (1 % yeast extract, 2 % peptone and 2 % glucose) on a rotary shaker at 28 C for 48 h and purified according to the methods described by Yamada and Kondo [19] and Kuraishi et al. [20] . Ubiquinone isoprenologues were identified by HPLC as described previously [12] .
NOVEL SPECIES DELINEATION AND IDENTIFICATION
The sequences of seven strains (DMKU-SE24, DMKU-SE45 T , DMKU-SE129, DMKU-SE134, IMUFRJ 52018, IMUFRJ 52019 and IMUFRJ 51954) were identical and differed from those of strains DMKU-CE36 and IPM31-24 by only 1 nt substitution in the D1/D2 region of the LSU rRNA gene. The sequences of the ITS region of five strains (DMKU-CE36, DMKU-SE24, DMKU-SE45 T , DMKU-SE129 and DMKU-SE134) were identical and differed by 5 nt substitutions from the sequence of strain IMUFRJ 52019 and by only 1 nt substitution from strains IMUFRJ 52018 and IPM31-24. In terms of pairwise sequence similarity, Occultifur kilbournensis NRRL Y-63695 T (KP413162/ KP413160) was the most closely related species, but with 0.9-1.2 % nucleotide substitutions (6-7 nt substitutions and 0-1 gaps out of 599 nt) in the D1/D2 region of the LSU rRNA gene and 2.4-2.6 % nucleotide substitutions (12-13 nt substitutions and 1-2 gaps out of 501 nt) in the ITS region. Therefore, we concluded that the eight strains represent a distinct sister species to O. kilbournensis. Phylogenetic analysis based on the combined sequences of the ITS and the D1/D2 regions of the strains of the novel species was performed, but the sequence of the ITS region of strain IMUFRJ 51954 was not available so it was not included in the analysis. The result confirmed the placement of the eight strains in the genus Occultifur (order Cystobasidiales, subphylum Pucciniomycotina). The strains of the novel species formed a monophyletic structure that was separate from the sister species, O. kilbournensis, with 87 % bootstrap support (Fig. 1) .
Although no molecular sequence data for O. internus and O. corticiorum were available, these two species produce clamp connections, conidia are produced from swollen conidiogenous cells produced both terminally and laterally in the mycelium, and they are mycoparastes, distinguishing them from O. plantarum. Consequently, we concluded that the nine strains represent a novel species. Delineation of O. plantarum from the other four Occultifur species having molecular data was based primarily on the analysis of the combined sequences of the genes encoding the ITS region and D1/D2 region of the LSU rRNA and from O. internus and O. corticiorum based on morphological and ecological differences. According to the recent International Code of Nomenclature for algae, fungi and plants [21] , the species is assigned to the genus Occultifur although the formation of basidia was not observed. The designation forma asexualis (f.a.) was added to indicate the lack of a sexual cycle in the species assigned to the genus [22] . The name Occultifur plantarum sp. nov. is proposed to accommodate these yeast strains. The MycoBank number is MB 819736.
DESCRIPTION OF OCCULTIFUR PLANTARUM
After 3 days at 25
C on YM agar, cells are subglobose to ovoid (2-3.3Â2-4.5 µm) and occur singly or in pairs (Fig. 2) . Budding is predominately polar. Colonies are orange to pink, smooth and with an entire margin. Pseudohyphae or true hyphae are not formed in slide culture on PDA within 4 weeks at 25 C. Ballistospores are not produced on PDA or cornmeal agar. Sexual reproduction is not observed in any of the strains or when strains are paired on PDA, cornmeal agar, 5 % malt extract agar, YPD agar, YCBY agar and YM agar at 15 and 25 C for up to 3 months. Fermentation of glucose is absent. Glucose, galactose, xylose, L-arabinose (weak or slow), sucrose, trehalose (weak or slow), glycerol, glucono-d-latone, 2-ketogluconate, 5-ketogluconate, gluconate, glucuronate and ethanol are assimilated, but D-ribose, Darabinose, L-rhamnose, methyl a-D-glucoside, melibiose, lactose, raffinose, inulin, soluble starch, erythritol, myo-inositol, galactitol, galacturonic acid, DL-lactate, succinate, citrate, methanol and xylitol are not; assimilation is variable for L-sorbose, N-acetylglucosamine, maltose, cellobiose, salicin, melezitose, ribitol, D-glucitol and D-mannitol. Ethylamine, Llysine and cadaverine are assimilated, but nitrate and nitrite are not. No growth occurs on media containing 15 % (w/v) NaCl/5 % (w/v) glucose, 10 % (w/v) NaCl/5 % (w/v) glucose, 50 % (w/v) glucose, 60 % (w/v) glucose or in vitamin-free medium. Growth occurs in the presence of 0.01 % and 0.1 % cycloheximide (variable). Growth at 4 (slow) to 35 C is present, but absent at 37 C. Acid formation is absent. Starch-like compounds are not produced. Diazomium blue B colour and urease reaction are positive. The major ubiquinone is Q-10.
Strain DMKU-SE45 T is designated as the type strain of O. plantarum. It was isolated from the tissue of a sugar cane (Saccharum officinarum L.) leaf sample collected from Wang Thong district, Phitsanulok province, Thailand. The type stain is permanently preserved in a metabolically inactive state in the CBS collection of the Westerdijk Fungal Biodiversity Institute, Utrecht, the Netherlands, as CBS 14554
In practice, Occultifur plantarum f.a., sp. nov. is distinguished from other Occultifur species not only on the basis of the sequences of the D1/D2 and the ITS regions but also by some phenotypic characteristics such as assimilation of Darabinose, lactose and organic acids especially succinate ( Table 2) . Five of seven species of the genus Occultifur are associated with plants. Known cultures of this species are from leaves and rhizosphere of diverse tropical and subtropical regions, suggesting that it is associated with plants in warm climates.
O. plantarum f.a., sp. nov. appeared in different continents of the northern and southern hemispheres since Thailand and Japan are in Asia and Brazil is in South America. This species was obtained from tropical and subtropical regions in both agricultural fields in Thailand and Brazil, and natural habitats in Iriomote Island, Japan, and Rio de Janeiro, Brazil. This is a cosmopolitan species associated with sugarcane in tropical and subtropical regions, and could be a transitory species associated with other plants. 
